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Abstract 
This paper describes a project based learning program carried out in the E.T.S.I.I. of the University of 
Malaga, Spain, whose main objective is the organization of a team for the development of experimental 
electric racing vehicles and their evaluation in competitive races. It is shown the work done during the first 
two years of the project, highlighting the most important aspects of the experience: the training focused on 
senior students (capstone courses), the training focused on freshmen (cornerstone courses) and the 
university-industry collaboration for the manufacture of the prototypes and equipment designed. 
Keywords: Project-based Education, Electric Racing Vehicles, Active interdisciplinary learning, University-Industry 
collaboration 
1 Introduction 
Nowadays, electric vehicles (EVs) represent an 
advantageous alternative to the internal 
combustion vehicles (ICVs) in some applications 
such as urban mobility due to the availability of 
practical and marketable EV models. 
However, most people do not know or 
understand all the specific characteristics that 
make of the EVs an advantageous option.  And 
even a more serious problem is that this lack of 
this knowledge is also found in engineering 
students and professionals. All these together 
makes that the development of this technology is 
being slower than it could be and is a serious 
drawback for its wide spread. 
Solar and electric car races for students started in 
the mid-80s of last century as an attempt to 
overcome some of these problems: First of all, 
they show people the benefits and possibilities of 
the EVs in an attractive format. Moreover, they 
allow engineering students to become familiar 
 
 
with this technology and to face the challenges of 
designing vehicles under stringent constraints. In 
contrast to many ICV races, the goal of most of the 
EV races is not to be the fastest but to minimize 
the energy consumption of the vehicles, that is, the 
winner is the most energy efficient vehicle. 
Nowadays, such races take place on the five 
continents and so involve worldwide universities, 
research centers and enterprises [1-5]. For the 
engineering schools, there are a big number of 
topics which have technological development 
and/or research aspects which can make the design 
and manufacturing of an Electric Race Vehicle 
(ERV) to be of great interest for professors and 
students [6]. In detail, all the issues involved in the 
design of an ERV can be used as the basis for 
project-based learning experiences that reinforces 
the knowledge and motivation of the students. 
Finally, the development of this type of project 
encourages the collaboration of the engineering 
schools with the industry. This is another challenge 
faced by universities in the new learning 
environment of the European Higher Education 
Area (EHEA) that is currently being implemented 
in Spain. This work has been partially done under the project 
International Campus of Excellence Andalucía TECH in 
the framework of the Programme International Campus 
of Excellence of the  Educational Ministry of Spain 
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2 Project development 
In this context, the organization of a team of 
students was started by a group of professors 
from the Escuela Técnica Superior de Ingeniería 
Industrial (ETSII) of the University of Malaga 
(UMA) in the early 2011 as an opportunity to 
start an educational project based. Its main 
objectives would be the design and development 
of ERVs and their participation in specific races 
for this type of vehicles. From the beginning, it 
was looked for and raised the collaboration with 
small business located in an area close to the 
University of Malaga to help in the 
manufacturing process of the prototypes and to 
allow the students to have the experience of 
working in a real production environment. 
The initial project was based on two working 
lines: the design and prototype manufacturing of 
ERVs and the participation in a few of the 
competitions held annually in Europe. Both lines 
are closely connected. First, the design of the 
vehicle is carried out according to the regulations 
of these competitions, which limit many of its 
features such as physical dimensions, engine 
power, battery type, etc. and they also have very 
strict specifications and regulations regarding 
safety such as the characteristics of the braking 
system, safety switches, etc. [7]. On the other 
hand, the involvement in races is an ideal 
benchmark to evaluate the performance of the 
vehicles that are being generated and to validate 
the technological solutions undertaken. The 
experience gained in these races is used to 
identify problems and needs and to seek solutions 
for them, which will be tested and analysed again 
in future races. 
The ERVs design project was initially approached 
as a Project Based Learning (PBL) methodology in 
an educational environment known as "capstone 
course", that is a design course typically taken in 
the senior year, in which students put into practice 
the skills acquired throughout his career, usually 
doing a practical work and presenting and 
defending it before an academic board. [8]. In the 
ETSII, this type of work is called Graduation 
Project and is mandatory for all students. 
Three students in their final year of Degree were 
selected to create the team and a partner company -
Trota Quad Ltd.- offered two prototypes of plug-in 
ERVs that were built using standard components 
of electric bikes.  
The first work of the students was making all the 
necessary modifications to adapt these vehicles to 
the rules of the Solar Race of the Region of Murcia 
(SRRM), Cartagena (Spain), which is the closest 
racing event of this nature to the city of Malaga. 
They also performed all the technical 
documentation of the vehicles, including drawings 
of the frame and bodywork, wiring diagrams, 
component descriptions, etc. Finally, all the 
improvements that could be introduced in vehicles 
were analysed. Based on this study, one of the 
decisions was to develop an electronic system to 
accurately measure the state of charge of the 
batteries. This work was commissioned to one of 
those students as its Graduation Project. 
The participation in the SRRM was planned as a 
Figure 1: TE01 in SRRM 2011 
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main goal for 2011. To raise the funds necessary 
to participate in this race, it was sought the help 
of the municipal government and its energy 
agency (AGEMA) and of the E.T.S.I.I. where the 
team belong to. 
Finally, after a great effort, the two vehicles, 
called TE01 and TE02 (Figs. 1 and 2), were 
ready to participate in the category of ‘electrical 
plug-in of experimental vehicles’ in that race 
during 13, 14 and 15 October 2011. 
The most important results obtained from this 
participation were: 
• The two cars showed an optimum 
performance, they completed all rounds of 
the race without any technical problem and 
showed an appropriate robustness in both 
mechanical and electrical components. 
• The power consumption of the vehicles was 
high, a fact that was attributed to the high 
weight of the drivers, nearly 20 kg higher 
than any driver of other teams. This was the 
main reason why it was not achieved a good 
rankings at the end of the race. 
• It was detected the need of a telemetry 
system in order to know -in real-time basis- 
the operating parameters of the vehicle to 
optimize its performance. 
The main conclusion after the first year of the 
team was the confirmation of the great 
opportunities offered by the ERV design to 
generate a much more ambitious educational 
project, involving not only the students that are 
finishing their degrees, but also those on the first 
year of the engineering curriculum. This type of 
educational methodology, known as "cornerstone 
engineering courses" [8-9] is increasing in 
popularity because it allows students to have an 
overview of engineering from the beginning, 
perceiving it as an integration of different 
specialties and not only as a set of independent 
disciplines. In addition, these courses are also seen 
as a means to enhance students’ motivation and 
their retention in engineering, in part because they 
introduce engineering content and experience early 
in the curriculum, in part because they also put 
first-year students into direct contact with 
engineering faculty [8]. 
These arguments were used to organize the new 
race team for 2012. It was searched two types of 
students: First, students in the final year of their 
degree were selected, which took care of specific 
tasks and projects to improve the vehicles, in 
particular, the development of two different 
telemetry systems: one based on unlicensed band 
radio frequency (RF) and other based on mobile 
phone operator. On the other hand, freshmen of all 
ETSII specialties (mechanical, energy, electrical, 
and mechatronics) were selected to perform a 
training plan, to be developed in two years, that 
includes the following stages:  
1. Basic training: It is based on an approach 
"from practice to theory": working sessions 
Figure 2: TE02 in SRRM 2011 
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were planned in the fields of electricity, 
energy, aerodynamics, mechanics, 
electronics and control. 
2. Improving prototypes: Analysis of the 
existing ERVs components and replacing 
some of them to improve the overall 
performance of the vehicles. 
3. Designing and manufacturing a completely 
new ERV that is suitable to race on the 
‘street vehicle’ category of any electric 
vehicle competition. 
In parallel with the organization of the new 
team’s staff, it was planned the development of a 
new prototype of an ERV included in the 
category of ‘solar photovoltaic’ that was started 
in the early 2012 in partnership with the firm 
Trota Quad Ltd. The aim of this new vehicle was 
to participate in the SRRM-2012. The first tests 
were made in July 2012 and the new vehicle, 
called TS01, competed in the race obtaining a 
creditable third place in its category. 
To summarize, the activities carried out by the 
team during the year 2012 were as follow: 
• There have been two Graduation Projects 
finished by senior students, entitled "Control 
system for recharging batteries of electric 
vehicles" and "Telemetry system for electric 
vehicles based on GPRS and ultra-low power 
microcontroller." 
• The five basic training sessions with freshmen 
have been completed. They have studied the 
structure and operation of all the basic 
components of the team´s ERVs: electric 
motor, battery, solar panel, power controller, 
on board computer, frame, shell, steering, etc. 
• A new prototype of a solar photovoltaic ERV 
has been developed. 
• The team (Fig. 3) had participated in the 
SRRM during the 4th, 5th and 6th of October 
2012 with two vehicles: the TE02 (plug-in 
ERV) and the TS01 (solar photovoltaic ERV) 
(Fig. 4). This participation was supported and 
sponsored by small businesses such as Trota 
Quad S.L. and Solydi and institutions such as 
AVELE, AGEMA and the ETSII (UMA). 
3 Discussion 
Although the project is still ongoing and it is too 
early to provide definitive results, it is possible to 
anticipate the following lessons learned from it: 
• It is essential to have the support of the school 
of engineering, both in the tasks of selecting 
and managing students and using their 
facilities and equipment. 
Figure 3: Racing Team in SRRM 2012 
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• It is essential to find companies that 
collaborate actively in the project. 
• The main problem is finding funds to afford 
the costs of development and participation in 
the races. It is necessary to form a "Fund 
Raising Team" to address this role. 
4 Conclusions 
The project of ‘Design of Electric Racing 
Vehicles’ is a good example of PBL in the field 
of engineering because: 
• It integrates a set of core subjects in 
engineering: mechanical, energy, electrical, 
electronics, control, and aerodynamics. 
• It is well suited to be applied on the 
methodology of "cornerstone courses". 
• It represents a framework for university-
industry collaboration.  
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